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A simple one-pot synthesis of 3-alkoxy-3-cyanocarboxylic acids:
a rapid entry to new GABA derivatives
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Abstract—A simple one-pot procedure to obtain a series of new 3-alkoxy-3-cyanocarboxylic acids from the reaction of 4-alkoxy-
1,1,1-trichloro-but-3-en-2-ones with sodium cyanide is described.
� 2007 Elsevier Ltd. All rights reserved.
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b-Cyanocarboxylic acids are of great interest for a vari-
ety of applications due to the versatility of these two
functional groups as precursors of many other organic
functions. For example, the cyano group can easily be
converted to carboxylic acid,1 amides,2 primary amines,3

amidines,4 and heterocycles such as tetrazoles,5,6 imid-
azoles,7 and lactams.8 The carboxyl group can be con-
verted into esters, nitriles,9 amides,8,10 acyl ureas,8 and
oxazolines,10 just to mention a few. However, one of
the most significant applications of 3-cyanocarboxylic
acids are as precursors of GABA derivatives,3,11 succin-
imides,12 and lactams.13 Cyanocarboxylic acids have
been prepared through the selective hydrolysis of ali-
phatic dinitriles carried out by enzymes,1,13,14 or by a
multi-step synthesis.3,11,15

In a recent work, we reported the synthesis of a new ser-
ies of 3-alkoxy-5-hydroxy-5-trifluoromethyl-pyrrolidin-
2-ones from the reaction of 4-alkoxy-1,1,1-trifluoro-
alk-3-en-2-ones with sodium cyanide in hydro-alcoholic
solution, according to Scheme 1.16 However, when the
same reaction was performed on the 4-alkoxy-1,1,1-tri-
chloro-alk-3-en-2-ones, only 3-alkoxy-3-cyanopropa-
noic acids 2 (Scheme 2) were obtained, instead of the
expected 3-alkoxy-5-hydroxy-5-trichloromethyl-pyrroli-
din-2-ones. The elimination of the trichloromethyl
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group, in basic medium, has been reported previously.17

However, to the best of our knowledge, no description
of the synthesis of 3-alkoxy-3-cyanopropanoic acids
has been reported.

Thus, considering the synthetic versatility of 3-cyano-
propanoic acids as precursors of a wide range of
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interesting aliphatic and heterocyclic compounds we
wish to present a very simple one-pot procedure to ob-
tain a series of 3-alkoxy-3-cyanopropanoic acids from
the readily available 4-alkoxy-1,1,1-trichloro-alk-3-en-
2-ones.18 The synthetic versatility of these trichlorinated
enones has been recently demonstrated for the prepara-
tion of 3-amino-ethylene-dihydrofuran-2-ones,19 pyraz-
oles and pyrazolium chlorides,20 furan-3-carboxylic
acids and derivatives,21 pyrazole-carboxyamide,22 azol-
ylmethyl-pyrimidin-2-ones,23 and 4-trichloromethyl-2-
methylsulfanyl pyrimidines.24 The synthesis and appli-
cations of 4-alkoxy-1,1,1-trichloro-alk-3-en-2-ones have
also been the subject of a recent review.25

Scheme 2 outlines the synthesis of 3-alkoxy-3-cyanopro
panoic acids 2a–h from the reaction of the enones 1a–h
with a solution of sodium cyanide in water and THF.26

The reactions furnished better yields when carried out
with two equivalents of sodium cyanide, at room tem-
perature, from 1 to 6 h, according to Table 1. Com-
pounds 1a–d, were prepared according to Ref. 18 and
compounds 1e–h were obtained by trans-etherification
of 1a and 1b with iso-propanol and sec-butanol, as
reagents and reaction solvents, and using catalytic
amounts of p-toluenesulfonic acid.27 Products 2a–h were
isolated through two extractions: In the first, the pH is
basic due to the reaction (pH � 10) and the solution
was extracted with ethyl ether to eliminate possible unre-
acted starting material. In the second extraction, the pH
of the water layer was lowered to about three with the
addition of 1 M solution of hydrochloric acid and the
solution was extracted with ethyl ether in order to
recover the products 2a–h in the organic phase. The
organic phase was dried under magnesium sulfate,
filtered, and the solvent was evaporated to render 3-alk-
oxy-3-cyanocarboxylic acids 2a–h, in good yields and
high purity (Table 1). All compounds were analyzed
by 1H and 13C NMR, IR, and GC–MS.28 It was
observed that the cyano group of compounds 2 slowly
hydrolyzes to an amide group if maintained at room
temperature, probably due to the presence of the car-
boxylic acid group and moisture. Compounds such as
2b, 2d, 2f, and 2g have two asymmetric carbons and they
were obtained as a mixture of diastereoisomers in pro-
portions, determined by 1H NMR integrals and pre-
Table 1. Reaction conditions, yields, and proportion of diastereoiso-
mers formed on the synthesis of compounds 2

Compound Time (h) Proportion of
diastereoisomersa

Yieldb (%) Productc

1a 1 d 72 2a

1b 4 2:1 70 2b

1c 4 d 61 2c

1d 6 3:1 66 2d

1e 4 d 79 2e

1f 4 3:2 78 2f

1g 4 3:2 78 2g

1h 4 3:2:1:1 82 2h

a Determined by 1H NMR integrals.
b Yields of isolated compounds.
c Reaction condition: NaCN (2 equiv)/H2O, THF, rt.
d Obtained as a racemic mixture.
sented in Table 1. Compounds 2c also has two
asymmetric carbons but this compound shows only a
pair of enantiomers. Compounds 2h has three asymmet-
ric carbons and this compound presented four diastereo-
isomers in a proportion indicated in Table 1.

Under the reaction conditions shown in Scheme 2,
4-alkyl substituted 4-alkoxyvinyl trichloromethyl
ketones failed to react probably due to the formation
of an enolate corresponding to the deprotonation of the
c-carbon.29

The possible mechanism for the formation of 3-alkoxy-
3-cyanocarboxylic acids 2 (Scheme 3) starts with the
Michael addition of a cyanide ion on the b-carbon of
enones 1 to form the tautomeric structures I and II, in
which the carbonyl function becomes activated toward
a nucleophilic attack due to the addition of the cyanide
on the double bond. The nucleophilic addition of a
hydroxyl group from a water molecule on the carbonyl
of structure II affords intermediate III, which eliminates
the CCl3 group to furnish the 3-alkoxy-3-cyanocarboxy-
lic acids 2 (Scheme 3).

In a second reaction, compound 1a was converted to the
3-bromo enone derivative 3, through a reaction with
bromine in chloroform and pyridine30 (Scheme 4). Com-
pound 3 was reacted using the same protocol shown in
Scheme 2, but the obtained product was the 1-ethoxy-
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1H-pyrrole-2,5-dione (4) instead of the expected 3-alk-
oxy-2-bromo-3-cyanopropanoic acid. In addition, 4,
4-diethoxy-1,1,1-trichloro-but-3-en-2-one31 (1i) was re-
acted with sodium cyanide (Scheme 4) using the same
protocol shown in Scheme 2. This reaction furnished
the cyclic 3,3-diethoxypyrrolidin-2,5-dione (5) instead
of the aliphatic 3,3-diethoxy-3-cyanopropanoic acid.

According to Stevens et al.,32 the formation of the cyclic
imides 4 and 5 possibly resulted from a Michael addition
of the cyanide ion on the b-carbon of enones 3 and
1i forming the 3-bromo-5,5,5-trichloro-2-ethoxy-4-
oxopentanenitrile and the 5,5,5-trichloro-2,2-diethoxy-
4-oxopentanenitrile intermediates, respectively, which
were not isolated. Subsequent hydrolysis of the cyano
group to an amide followed by an intramolecular attack
of the amide nitrogen to the a-trichloro-carbonyl and
subsequent elimination of the CCl3 group furnishing
compounds 4 and 5.

In conclusion, this study showed a simple and efficient
one-pot procedure to obtain a series of new 3-alkoxy-
3-cyanocarboxylic acids, directly from the readily avail-
able 4-alkoxy-1,1,1-trichloro-but-3-en-2-ones. The 3-
cyanocarboxylic acids obtained in this study can be con-
sidered as potential intermediates of a new class of
GABA derivatives that can be synthesized through a
selective reduction of the cyano group to an amine
group.
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